Protein expression in the microbial eukaryotic host Pichia pastoris offers the possibility to generate high amounts of recombinant protein in a fast and easy to use expression system.
1. Thaw all reagents on ice, combine the following reagents and briefly centrifuge the tube to get all liquid to the bottom, tap the tube and spin again:
• x μl sterile water • 5.0 μl 10X NEBuffer 4 • 0.5 μl 100X BSA • up to 2 μg vector DNA (~100 ng/μl) • 2.0 μl PmeI enzyme mix →50 μl total reaction volume Note: to obtain sufficient linearized vector DNA prepare the above mix 3 or 4 times in separate tubes and combine the solutions when concentrating the digested DNA via Amicon Ultra Centrifugal Device. 2. Incubate at 37°C for 3 hours and heat inactivate the enzyme mix at 65°C for 20 minutes. 3. In the mean time pre-rinse an Amicon Ultra-4 Centrifugal Filter Device with 1 mL of Milli-Q water, spin the tube at 4000 x g for 6-8 minutes and discard the flow through. Note: do not allow the membrane to dry out once wet. If you are not using the device after pre-rinsing, leave water on the membrane until the device is used. 4. Transfer the heat-inactivated solution from step 2 to the pre-rinsed Amicon Centrifugal Filter Unit, spin the tube at 4000 x g for 6-8 minutes and discard the flow through. Note: if you have prepared more than one linearization mix, combine all solutions into one Amicon Centrifugal Filter Unit. 5. Centrifuge until the amount of solution on the Amicon filter is reduced to approximately 100~150 μl. Add another 1.5 mL of sterile water to the empty tube from above and transfer the solution to the Amicon tube and repeat the centrifugation step. Wash a second time with 1.5 mL of sterile water and discard flow through again. Reduce the final volume to~150 μl. The washing steps remove the remaining salt from the buffer to prevent arching when pulsing the cells. Note: we use a swinging bucket rotor for the centrifugation step; simply place the capped Amicon centrifugal filter unit in a 50 mL Falcon tube to hold it in place during centrifugation. Amicon filter devices retain 50 μl of solution on the filter even after extended centrifugation. 6. For further concentration of the DNA preparation transfer the remaining DNA solution from the Amicon filter device to a pre-rinsed Microcon YM-30 Centrifugal Filter Unit and rinse the Amicon tube with an additional 50 μl of sterile water to recover all DNA. Centrifuge the Microcon Centrifugal Filter Unit in a microcentrifuge at 10,000 x g until the filter is still slightly covered with liquid. Only spin for a short time and check every minute if only a small amount of liquid is left on the filter. To recover your DNA solution, place the filter upside down in a new microcentrifuge tube and spin in a second centrifugation step at 1000 x g for 3 minutes. The final volume should not exceed 10-15 μl in total, otherwise your DNA might be too diluted for the transformation step. Note: do not spin the filter device too long and let it not dry completely to prevent potential sample loss. If your membrane is dry, add 10-15 μl sterile water onto the membrane, agitate gently for 30 seconds and recover your DNA as described above.
1. The linearized and concentrated pPICZαA DNA containing your insert is now ready for transformation into the electrocompetent P. pastoris cells (see step I, part 2). About 15 minutes before the transformation prepare the following reagents and devices: fill a microcentrifuge tube with 1 mL of 1 M sorbitol and place it on ice; place a 0.2 cm electroporation cuvette on ice; label a sterile 15 mL glass tube and have a sterile glass Pasteur pipette at hand. 2. Transfer 80 μl of the cells from step I, part 2.7 to an ice-cold 0.2 cm electroporation cuvette. Add the concentrated linearized pPICZαA DNA solution from step I, part 3.6 and mix by moving the pipette tip from side-to-side in the electroporation cuvette. Note: when adding the DNA only push pipette to the first stop. After mixing the DNA with the cells push pipette to the second stop and slowly remove from the cuvette. 5. Immediately add 1 mL of ice-cold 1 M sorbitol to the cuvette. Transfer the cuvette content to a sterile 15 mL tube using the sterile glass Pasteur pipette. 6. Let the tube incubate at 30°C without shaking for 1.5 hours. 7. Add 5-7 sterilized glass beads on four labeled YPDS plates containing 100 μg/mL Zeocin. Spread 250 μl of the electroporation mix from the 15 mL glass tube on each plate. Shake the plate horizontally to evenly spread out the cells. Let the plate dry for 15 minutes and then remove the beads from the agar by inverting the plate. Note: we use 100 μg/mL Zeocin to select for transformants when using the GS115 Pichia strain. The selection conditions may vary if you are using another Pichia strain.
8. Incubate plates upside down for 2 to 3 days at 30°C until colonies form. Wrap the plates in a black plastic to prevent degradation of the light sensitive Zeocin. Less amount of antibiotic in the plates can result in false positive clones. 9. After colonies have formed, pick 12 colonies and purify them by streaking the clones on fresh YPDS plates containing 100 μg/mL of Zeocin.
• BMGY medium • glycerol, sterilized • BMMY medium • methanol, sterilized • EPICENTRE Yeast DNA purification kit
• 250 mL flask, autoclaved • 1 L baffled flask, autoclaved • 200 mL beaker, autoclaved 1. Pick a single colony from the purified Pichia colonies from step I, part 3.9 and inoculate in 25 mL BMGY in a sterile 250 mL flask. Grow at 30°C in a shaking incubator (250-300 rpm) until culture reaches an OD600 = 2-6 (approximately 16-18 hours). Note: dilute your sample before measuring on the spectrophotometer so that you get an accurate result. The cells will be in log-phase growth. 2. When the cells have reached the appropriate OD600 prepare a glycerol stock. Transfer 800 μl of the 25 mL cell culture to a 2 mL Corning cyrogenic vial and add 200 μl of sterilized glycerol. Freeze the glycerol stock and store at -80°C. 3. For yeast DNA purification, transfer 1.5 mL of the 25 mL cell culture to a microcentrifuge tube. Harvest the cells by centrifuging at 1300 x g for 1 minute at room temperature. These cells are used for analyzing Pichia integrants to double check if the gene of interest has integrated into the Pichia genome (see step II, part2). Store the cell pellet at 4°C until further analysis. 4. Transfer the rest of the 25 mL culture to a 50 mL Falcon tube and harvest the cells by centrifuging at 3000 x g for 5 minutes at room temperature. Decant supernatant and place the tubes upside down on a tissue to remove any residual media. To wash the cell pellet resuspend it in 20 mL BMMY to remove any remaining BMGY medium, as glycerol from the BMGY medium can inhibit the later expression. Centrifuge again at 3000 x g for 5 minutes at room temperature and decant the supernatant. 5. Resuspend cell pellet to an OD600 of 1.0 in BMMY medium to induce expression (approximately 100-200 mL) and transfer the culture in a 1 liter baffled flask. Cover the flask with a 200 mL beaker and return to incubator to continue growth at 30°C. Note: it is important that the temperature does not exceed 30°C. If the temperature of your incubator fluctuates, set the temperature at 28°C. Adequate aeration is also an important parameter for efficient expression during methanol induction (when inducing expression, never exceed a culture volume > 10-30% of your total flask volume). We highly recommend the use of baffled flasks, as they introduce more oxygen in the culture media. 6. Add sterilized pure methanol to a final concentration of 0.5% methanol every 24 hours to maintain induction. 7. At certain time points after the start of the expression transfer 1 mL of the culture to a 1.5 mL microcentrifuge tube. Centrifuge at 1300 x g for 2.5 minutes at room temperature. Transfer the supernatant to a separate 1.5 mL microcentrifuge tube. Store the supernatant and cell pellets at -80°C until further analysis. The samples from different time points will be analyzed to establish the optimal time period for protein expression after induction. Note: we choose 6h, 12h, 24h, 36h and 48h as the time points for taking the samples. Further growth up to 4 days is possible. The optimal time points vary between different expressed proteins. 8. Analyze the supernatants and cell pellets for protein expression by Coomassie-stained SDS-PAGE and western blot (not described in this protocol).
YPD medium:
To prepare 600 mL of YPD medium (Yeast Extract Peptone Dextrose Medium) dissolve 5 g yeast extract and 12 g peptone in 540 mL of water. Autoclave for 20 minutes on liquid cycle. In the mean time prepare 70 mL of 20% dextrose and filter-sterilize before use. Let the autoclaved solution cool to~60°C and add 60 mL of filter-sterilized 20% dextrose.
YPDS (+ Zeocin) plates:
Step II:
Representative Results Figure 1 . This western blot image shows four expressed proteins (labeled as 1605, 0537, 1228, and 1682) after 24 hours of expression. The antibody used for immunoblotting was a c-myc-HRP antibody. The second lane (labeled N) is a negative control and was loaded with supernatant from cells that do not express a recombinant protein because they were transformed with the parent (plain) vector.
Discussion
Protein expression using the methylotrophic yeast Pichia pastoris as a host system is described in this protocol. The protein can be secreted into the medium depending on the used cloning vector. The secretion of the recombinant protein makes the subsequent purification easier. However, the shown conditions may have to be optimized for the expression of different proteins and changes in the conditions and expression times may To prepare 500 mL of YPDS + Zeocin agar (Yeast Extract Peptone Dextrose Medium with Sorbitol) dissolve 5 g yeast extract, 91.1 g sorbitol and 10 g peptone in 450 mL of water. Add 10 g of agar and a magnetic stir bar and autoclave for 20 minutes on liquid cycle. In the mean time prepare 60 mL of 20% dextrose and filter-sterilize before use. Let the autoclaved solution cool to~60°C, add 50 mL of filter-sterilized 20% dextrose. Pour a few plates before adding the antibiotic for YPDS plates without Zeocin. Then add 500 μl Zeocin from a 100 mg/ml stock solution to obtain a final concentration of 100 μg/ml Zeocin in the agar. Let stir on a magnetic plate when adding the antibiotic and let stir for about an additional 2 minutes to equally mix. Pour media into Petri dishes and cover with black plastic. Let plates dry on bench overnight. Store YPD plates containing Zeocin at 4°C. The shelf life is one to two weeks. Note: the coverage with the plastic is necessary because Zeocin is light sensitive.
1. BMGY (Buffered Glycerol-complex Medium) and BMMY (Buffered Methanol-complex Medium): Dissolve for each medium 8 g of yeast extract and 16 g peptone in 560 mL water. Autoclave for 20 minutes on liquid cycle. In the mean time prepare the following solutions:
• 1 M potassium phosphate buffer, pH 6.0: Combine 24 mL of 1M K2HPO4 and 156 mL of 1M K2HPO4 and confirm that the pH = 6.0 (if the pH needs to be adjusted, use phosphoric acid or KOH). Filter sterilize and store at room temperature. The shelf life of this solution is greater than one year.
• 10X YNB (13.4% Yeast Nitrogen Base with Ammonium Sulfate without amino acids): Dissolve 26.8 g of yeast nitrogen base (YNB) with ammonium sulfate and without amino acids in 200 mL of water and filter sterilize. Heat the solution to dissolve YNB completely in water. Store at 4°C. The shelf life of this solution is approximately one year. Note: alternatively, use 3.4 g of YNB without ammonium sulfate and without amino acids and add 10 g of ammonium sulfate.
• 500X B (0.02% Biotin): Dissolve 10 mg biotin in 50 mL of water and filter sterilize. Store at 4°C. The shelf life of this solution is approximately one year.
• 10X M (5% Methanol): Mix 5 mL of methanol with 95 mL of water. Filter sterilize and store at 4°C. The shelf life of this solution is approximately two months.
• 10X GY (10% Glycerol): Mix 10 mL of glycerol with 90 mL of water. Filter sterilize. Store at room temperature. The shelf life of this solution is greater than one year.
Let the autoclaved solution cool to room temperature, then add the following and mix well:
• result in increased protein levels. The vector used in this protocol has the feature of a c-myc epitope and an antibody for this epitope can be purchased. This allows the analysis of proteins for which there are no antibodies yet available. The His-tag feature of the parent vector facilitates the protein purification on metal-chelating resin and there is also an antibody for the His-tag section of the vector available.
As described in this protocol, protein expression in Pichia pastoris is a multistep-process which needs to be well planned and prepared. A time of two to three weeks is required to perform all steps but excluding the cloning of the construct with the gene of interest. The basis for successful transformation into P. pastoris are high transformation efficient competent yeast cells and a linearized construct which can integrate into the yeast genome. Western blot analysis and His-tag purification are applications to determine the level of recombinant protein expression and are the next steps to perform after this protocol.
